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PROFILER BUSINESS MODEL 



BACKGROUND INFORMATION 



Field of the Invention 

The invention relates in general to semiconductor manufacturing and metrology 
applications, particularly to transactions involved in utilizing a library of profiles to 
determine whether a wafer product meets a certain specification. 

Description of Related Art 

Metrology is being increasingly utilized in the semiconductor manufacturing 
industry to ensure that the different process steps are within specifications. There are two 
different metrology schemes in place today: in-line metrology and integrated metrology. 
While in-line metrology has become standard today, wherein the product wafers are 
processed, transferred to apiece of metrology equipment, measured for critical 
dimension, profile, thickness, etc., and brought back into the line for further processing, 
integrated metrology is increasingly becoming state-of-the-art. In integrated metrology, 
the metrology equipment is integrated with the processing equipment so that 
measurements on the wafer are taken without needing to move the wafers out of the 
processing equipment, thereby increasing throughput and overall equipment efficiency. 

However, even integrated metrology tools have traditionally been hardware based, 

expensive, and not easily re-configurable. Therefore, it is advantageous to have a new 

process that shift most of the complexity from expensive and slow hardware tools to 
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sophisticated software algorithms running with relatively simple and inexpensive 
hardware equipment. This shift to sophisticated software tools, as illustrated in a related 
co-pending U.S. provisional patent entitled "Generation of a Library of Periodic Grating 
Diffraction Spectra" by Xinhui Nui and Nickhil Harshvardhan Jakatdar, owned by the 
assignee of this application and incorporated herein by reference, requires a new business 
model to accommodate the new user and service provider transactions involved in 
generating the library, managing the data, and billing the user. 



In view of the above, the present invention provides the processes that leverage 
the use of sophisticated software algorithms in creating a library of profiles based on 
product specification. These libraries of profiles are compared with profiles of 
manufactured products to ensure that manufactured products are within the specification. 
A novel set of software algorithm is used with simpler hardware configurations. The 
software is broken into two parts: the front-end and the back-end. While the front-end can 
run in real time and is installed either on a metrology equipment computer or a stand- 
alone computer at a user site, the back-end software is very computationally intensive and 
requires the use of a highly parallel set of computer workstations for its operation. This 
separation of the computational intensive process allows for a service provider to 
generate and maintain the libraries offsite. 



SUMMARY OF THE INVENTION 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a logic flow chart of a quality control program utilizing a profile 
library implemented by a service provider for a user. 

Figure 2, 4, 5 and 6 illustrate the step-by-step information flow between the user 
and the service provider. 

Figure 3 illustrates the internal architecture of the service provider host server. 

Figure 7 illustrates the internal architecture of the profiler application server. 

Figure 8 is a detailed flow chart of the transactions involved in generating a 
library and library report summary. 

Figure 9 is a pictorial representation of the profiler compiler form that provides 
the information required to generate a library. 

Figure 10 is a pictorial representation of the additive stack concept for taking 
measurements. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

The elements of the quality control program in accordance with the 
invention consist a user-site component 10 and a service provider component 20, as 
illustrated in Figure 2.. 

As illustrated in Figure 1, the service provider 20 implements for the user a 
quality control program that utilizes a library of profiles generated by the service 
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provider. The user 10 utilizes a computing machine 11 to communicate product 
specification to service provider 20 via a network such as the Internet, local area network 
(LAN) and/or wide area network (WAN), wireless and/or wired, or other network 
infrastructure 100. Additionally, the specification can be provided to service provider via 
a meeting. After gathering the information, service provider 20 generates a profile library 
200. In step 300, the profile library is transferred to user computing machine 1 1 via a 
network or manually downloaded from a compact disc (CD) or any storage medium that 
can hold the profile library. When a product is manufactured, the product is measured for 
its profile and that profile is compared to the library to determine whether the 
manufactured product is within user specifications 400. 

In the corresponding Figures 2, 4, 5, 6, the steps 100, 200, 300, and 400 are 
shown in -greater detail. As illustrated in Figure 2, the user will collect information about 
the process, such as the range of critical dimensions, film thickness, broadband optical 
constants for each film and angle of incidence of the metrology hardware to be used. The 
user inputs the information into a profiler compiler, the software package resident on the 
user's computing machine 11. Once this information is entered, it is encrypted, 
compressed and sent either over the Internet or via email 13 to service provider host 
server 12. At this point, the library specifications and user name are recorded into the host 
server 12. 



-4- 



• 




WO 01/97280 



PO7US01/17910 



Figure 3 illustrates the events that take place in the host server 12. The 
specifications of the library are decompressed and decrypted in a library compilation 
component 31 and distributed over one or more library generation servers 16. The 
information is also recorded in a billing component 33 to enable tracking of user name, 
user authorization, method of payment, and payment transactions. Figure 4 shows an 
automated distribution process of the library generation along with a network architecture 
1 8. The library generation process can take anywhere from a few minutes to many days, 
depending on the size of the library specified. The library is generated by the library 
generation servers 16 via a simulation method using optical spectroscopic signals and 
coupled wave algorithms. Once this process is complete, the library compilation 
component 31 aggregates the library from the different library generation servers, 
performs an automated quality control check, and sends it to a library database 32. The 
process of having generated a library for a particular customer is recorded in the billing 
component 33. 

In one embodiment, the user would sign on by pre-paying for a certain number of 
libraries. The billing component has a counter that is originally set to the number of 
libraries that the user has pre-paid for. This counter counts down to zero, deducting one 
count for every library that is generated for the particular user. The billing component 33 
would come into effect twice for every library request. The first time that a job has been 
submitted for library generation, a check is made with the billing component 33 to ensure 
that indeed the customer has an active account. At this step, a library generation in 
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progress field is created. The billing component 33 is accessed again when the library is 
ready to be sent back to the customer. At this point, the counter deducts one count and 
checks off the library-generation-in-progress field. This ensures that.there are no jobs 
waiting in queue for more than a specified amount of time. 

Alternatively, the user would pay a monthly or annual subscription fee that would 
allow the user access to unlimited number of libraries in that time period. The 
transactions in this model would also be recorded at the service provider host server, 
which checks to ensure that the particular customer has indeed signed up for the 
subscription fee service. The billing component 33 would come into effect twice for every 
library request. The first time that a job has been submitted for library generation, a check 
is made with the billing component 33 to ensure that indeed the customer has an active 
account. At this step, a library generation in progress field is created. The second time the 
billing component 33 is accessed when the library is ready to be sent back to the 
customer. At this point, it checks off the library-generation-in-progress field. This ensures 
that there aire no jobs waiting in queue for more than a specified amount of time. 

Once the quality control procedure is completed, the library can then either be sent 
back to the customer over a dedicated line or sent as a compact disc (CD) or any storage 
medium, as illustrated in Figure 5. In either case, the library is loaded onto a profiler 
application server 17 through a library manager 19. The term profiler application server 
as described herein is defined as a server, which uses spectroscopic optical data and 
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spectra matching algorithms to compare measured spectra to a library of simulated 
spectra generate profiles for a certain material stack, to determine parameters of interest 
such as critical dimension (CD) or cross-sectional profile (xP). The library manager 19 
organizes the various libraries according to the respective material stack into the database. 

As shown in Figure 6, the library is used for real time comparison with metrology 
equipment measurements taken at user site. This enables user to verify that the 
manufactured products are within specifications. Alternatively, the system can contain a 
corrective module to change the manufactured process if manufactured product differs 
from the specifications. A metrology equipment 14 makes the measurement. This 
measurement is then sent either via a network connection or using a Semiconductor 
Equipment Communication Standard (SECS) protocol 28 to a profiler application server 
17 and then to a profiler display 15 that displays the matching results and analysis. 
Alternatively, a profiler application server can be coupled with a plurality of profiler 
display 15. Figure 7 illustrates the internal components of the profiler application server 
17. The measurement is sent via the provider intranet network 28 to a data entry module 
22 that stores the acquired measurement along with the date stamp, lot information and 
other details of the process into a measurement and result database 26. Simultaneously, it 
also broadcasts the fact that a measurement has arrived to a messaging bus 2 1 . This 
broadcast is acknowledged by a search module 23, which accesses the appropriate library 
from the library database 24 and finds the best fit for either thickness (in case of un- 
patterned film measurements) or profile and underlying thickness (in case of patterned 
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film measurements). A copy of the result corresponding to the measurement is saved in 
the measurement and result database 26. At this point, the messaging bus 21 broadcasts a 
message letting users know that new data has arrived in the measurement and result 
database 21 . This database can be accessed over an intranet or the Internet 20 for users to 
view historical data as well as for data analysis and data mining applications. 

In an alternative billing scheme, the user is charged only a nominal fee for the 
number of libraries generated or for a periodical subscription fee. In addition to the 
nominal fee, the customer is charged based on the number of metrology measurements 
that are compared to the library to extract thickness (in case of un-patterned films) or 
profile and underlying thickness (in case of patterned films). A billing component 27 in 
the profiler application server 17 accesses the measurement and result database 26 every 
time a result is obtained and broadcast on the messaging bus 21. This billing component 
27 can then either be accessed by service provider over the Internet or an encrypted file 
containing the number of hits can be sent by the customer to service provider periodically 
so" that user can be billed according to the number of comparison requests. 

In Figure 8, a more detailed flow chart of the transactions involved in 
generating a library and library report summary is shown. Service provider initially 
establishes customer contact to discuss attributes of a profiling method 1000, as discussed 
in co-pending provisional application referenced above. One profiling method is to 
obtain the critical dimension (CD) and cross-sectional profile (xP) information via optical 
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spectroscopic critical dimension phase profilometry technique. Phase profilometry 
enables real-time CD and cross sectional equivalent, xP profile, information to be 
gathered simultaneously with a single measurement. The measurement is made on a test 
site consisting of a regularly repeating grating using any spectroscopic optical equipment 
such as spectroscopic ellipsometry (SE), spectroscopic reflectometry (SR), and etc, CD 
and profile information are extracted by comparing the spectrum gathered from the SE to 
a profile library in the library database 24 on the profiler application server 17, as 
illustrated in Figure 7. The profile library is an electronic collection of spectra-profile 
pairs custom generated by the library generation servers 16, as illustrated in Figure 3. The 
library can be quickly and efficiently searched to find the optimum CD and xP values. To 
ensure that the method is robust, the library must be representative of the film stack that 
is being measured. Therefore, specific information needs to be gathered and verification 
of various parameters is required to ensure integrity of the libraries. 

After user decides to procure the service provider's quality control program, 
service provider needs to gather specification information such as customer information, ' 
thin film stack structure, pitch, CD, resolution, additive stack information, and patterned 
area measurements, as illustrated in Figure 9. User supplies specific un-patterned 
additive stack wafers or measurements thereof to service provider for refractive indices 
(n) and extinction coefficients (k) measurements 2100. This is required to generate the 
most precise library utilizing the phase profilometry method. Accurate n and k values can 
be extracted for each of the films separately and successively via an additive film stack 
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approach by the service provider, the customer, or an n and k extraction service provider. 
This method allows the most accurate and robust n-k extraction, and is accomplished by 
measuring successive layers of the deposited films and extracting n and k for each layer. 
For example, as illustrated in Figure 10, in a poly gate stack, (photoresist + ARC + 
polysilicon + silicon dioxide on Si), the films would be measured with the opti-probe 
method after: 1) the gate oxide is grown, 2) the Poly-silicon is deposited, 3) the ARC is 
spun-on or deposited, and 4) after the resist is spun on and baked. Individual film 
depositions directly on silicon are not recommended, since that method is unable to 
measure and account for the optical properties of each interface that are present in 
production stacks. 

Once the information is gathered and the additive wafer stacks or measurements 
thereof are obtained, the information and wafer stack are sent to n and k extraction 
service provider 2200. The n and k extraction service provider takes the n and k 
extraction and grating measurement 3000. Alternatively, the n and k values can be 
extracted on customer site. In 3100, service provider will run models to extract n and k 
values based on the novel set of algorithm. A new library is generated and the provider 
host server 12 is utilized to obtain the best-fit 4000. After generation of the library, a 
verification measure is instituted, as the provider host server 12 would check to see 
whether a satisfactory goodness of fit on the grating measurement is obtained. If 
goodness of fit is not obtained, service provider and user will try to resolve problem 6000. 
If goodness of fit is obtained, the library is sent to a verification service provider, which 
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will perform precision and repeatability tests on the library 4100. Once verification tests 
are done, a report, including demo form, library summary, all CD values and profiles, 
precision data, comparison data, and conclusion is completed 5000 and sent to user 5100. 

The above embodiments are only illustrative of the principles of this invention and 
are not intended to limit the invention to the particular embodiments described. One 
skilled in the art should recognize that manufactured product could include all types of 
product that can have profiles made based on the profiling method described herein. 
Accordingly, various modifications, adaptations, and combinations of various features of 
the described embodiments can be practiced without departing from the scope of the 
invention as set forth in the appended claims. 
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We Claim: 

1 . A method for implementing a quality control program for a user by a service 
provider, the method comprising the steps of: 

transferring specification of a product from the user to 
the service provider; 

generating a profile of the product based on the specifications to create a 
library, wherein said profile is generated via software that uses optical 
spectroscopic signals and coupled wave algorithms; and 

comparing said library to one or more profiles of a manufactured 
product to ensure that said manufactured product is within the 
specification. 

2. The method of claim 1, wherein the specification is transferred to the service 
provider via the Internet or an intranet. 

3. The method of claim 1 , wherein the product is a wafer product. 

4. The method of claim 1 , further comprising the step of encrypting the library to 
restrict access by non-authorized users. 

5. The method of claim 1 , further comprising the step of billing the user for the 
library. 

6. The method of claim 5, wherein the billing is based on the number of libraries 
generated. 
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7. The method of claim 5, wherein the billing is based on a periodical subscription 
fee. 

8. The method of claim 5, wherein the billing is based on the number of comparisons 
made between a manufactured product and the library. 

5 9. The method of claim 1 , further comprising the step of extracting refractive indices 
(n) and extinction coefficients (k) values utilized in generating the profile. 

10. The method of claim 1, further comprising the step of verifying the library for 
goodness of fit. 

1 1 . The method of claim 10, further comprising the step of correcting a parameter 
10 utilized in generating the library if goodness of fit is not achieved. 

12. A quality control system to ensure a product meets specifications comprising: 

a user-input module to transmit specifications to service provider; 
a server to provide a library of profiles based on the specifications, 
wherein the profile is generated by utilizing software that uses optical 
15 spectroscopic signals and coupled wave algorithms; and 

a user-profiler to compare a profile of a manufactured product with the 
library profile based on said specifications. 

13. The system of claim 12, wherein the user and the server is coupled via a network. 

14. The system of claim 12, further comprises a billing component that tracks the 
20 number of libraries generated. 

15. The system of claim 14, wherein the billing component tracks the number of 
comparisons made between a manufactured product and the library. 
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16. The system of claim 14, wherein the billing component tracks usage based on 
time. 

17. The system of claim 12, wherein a result of the comparison is provided in real 
time. 

18. The system of claim 12, further comprising a corrective module to alter a 
manufacturing process based on results from the comparison between the 
manufactured product and the library. 

19. A method, of extracting a refractive index (n) or an extinction coefficient (k) value 
on a product via phase profilometry comprising the steps of: 

extracting the n and k value from a first measured spectra of a first 
material layer of the product; 

extracting the n and k values from a second measured spectra of a second 
material layer deposited on the first material layer of the product; and 

extracting the n and k values from a next measured spectra of a next 
material layer deposited on the second material layer with the first material 
layer. 
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1. Customer Contact Information 


Account Exec: 


Company Name: 


Primary Contact: 


Address: 


Phone: 


Fax: 


E-mail: 


Cell: 



2. Thin Film Stack Structure (See Additive Stack Requirements in Section 5) 


Define the stack structure starting at the upper most film and proceeding downwards to the 
substrate. Indicate if the layer is patterned, the thickness and the 3cr range in percent Finally, 
specify condition of resist (e.g. exposed, baked, developed) and include film in additive stack. 


Film Description 


Patterned 
(markx) 


Thickness 
(nm) 


3a Range 

<±%) 


Resist or Film Processing 
(expose, bake, develop?) 






j 












u 












j 












B- 
























-h 





















3. Pitch, CD and Resolution Specifications Profile Estimator: 1 


The layers thai have been identified above are listed below along with the minimum and maximum 
thickness values based on the ranges specified. Input the nominal pitch for the grating, expected 
bottom CD value and the range in percent over witch it might vary. Finally, the desired resolution 
for each layer and for the bottom CD value must be specified. 


Grating Pitch (nm): 


Expected Bottom CD (nm) 




3a Ranee (%): 


Films Specified 


Thickness Range & Resolution 
4- Range -> (nm) 


Bottom CD (nm) 
(Patterned layers only) 




Min 


Max 


Resolution 


Min 


Max 


Resolution 




0.0 


0.0 


1.0 


0.0 


0.0 


1.0 




0.0 


0.0 


1.0 






1.0 




0.0 


0.0 


1.0 






1.0 




0.0 


0.0 


1.0 






1.0 




0.0 


0.0 


1.0 










0.0 


0.0 


1.0 










0.0 


.0.0 


1.0 
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Profiler Compiler™ Demo Form 
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Profiler Compiler™ Demo Form Demo # 



4. Profile Definition 

Describe below verbally any specific profile shapes that might be expected (e.g. footing or undercuts) 
so that Timbre Technologies can anticipate those shapes in the library generation process. 


Profile Shape 1: 




Profile Shape 2 




Profile Shape 3 




Profile Shape 4 




Profile Shape 5 





5. Additive Stacks 

The following specific unpattemed additive stack wafers must be supplied to your Timbre 
Technologies representative for proper n and k extraction: 



Wafer 1: 


+ 


+ 




+ 


+ 


Wafer 2: 


+ 


+ 


+ 


+ 


+ 


Wafer 3: 


+ 


+ 


+ 


+ 




Wafer 4: 


+ 


+ 


•f 






Wafer5: 


+ 










Wafer 6: 


+ 











6* Patterned Area Measurements 

Patterned area measurements will be made on a periodic grating of at least (120 \im by 
100 urn) located on the die or in a scribe line. If measurements are not made on-site, 
send a detailed wafer map indicating the size and location of the test structures so mat the 
proper measurements can be made. Also, check all boxes to indicate what techniques 
Phase Profilometry will be compared to: 

CD^SEM □ AFM □ X-SEM □ TEM □ 
Other (Specify) 

General Comments: 
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